Social scientists have long been interested in studying group differences on key outcome measures. For examples, gender differences in internalizing symptoms (Hankin and Abramson [@CR17]; Sanders et al. [@CR37]), racial differences in externalizing symptoms (Krueger et al. [@CR23]; Ruchkin et al. [@CR35]), and differences in growth trajectories between children from different family structures (Curran [@CR5]; Beyers and Loeber [@CR2]) are all areas in which researchers have reported differences between groups. However, whether group differences are real or the result of measurement bias is not always clear. When groups are compared on a given construct, the impacts of real group differences and bias should be recognized and differentiated (Dorans and Holland [@CR8]; Millsap and Everson [@CR28]). Detection of differential item functioning (DIF) and correction to items that exhibit DIF are extremely important to implement so that researchers can make more valid comparisons between groups.

In this study we investigated whether items in two scales of antisocial behavior function differently for individuals from single-parent and two-parent families across adolescence and adulthood. Adolescents and young adults from different family structures may recognize and interpret items designed to measure antisocial behavior in different ways because different family structures may alter thresholds of antisocial behavior in the two groups (Dishion and McMahon [@CR7]). We employed an iterative procedure to detect whether items showed significant DIF. We also studied the effects of DIF on differential functioning at the scale level. Finally, we discussed implications of our findings for assessment of antisocial behavior, noting limitations of the current DIF study on single-parent and two-parent families.

Measuring Antisocial Behavior {#Sec1}
=============================

The self-report antisocial behavior scale created by Elliott, Ageton, and Huizinga ([@CR11]) for the original National Youth Survey (NYS) is perhaps the most widely known measure of antisocial behavior, and its pool of items is arguably the most widely used. In fact, items from this self-report antisocial behavior scale are so well known and widely used that three major longitudinal studies funded by the Office of Juvenile Justice and Delinquency Behavior Prevention---studies centered in Rochester (Thornberry et al. [@CR46]), Denver (Huizinga et al. [@CR20]), and Pittsburgh (Loeber et al. [@CR25])---and other major studies, including the Dunedin Multidisciplinary Health and Development Study (Moffitt et al. [@CR29]), all use items from the original Elliott et al. scale or modified versions of them to measure antisocial behavior (Piquero et al. [@CR30]).

The NYS began in 1976 as a national probability sample of over 1700 youth (Elliott et al. [@CR11]), and the study protocol included an antisocial behavior inventory with 47 items designed to capture a wide range of behaviors, including Uniform Crime Report offenses. However, most researchers use or adapt items only from the general delinquency scale, a subset of 24 items, ranging in severity from serious and violent offenses (e.g., "had \[or tried to have\] sexual relations with someone against their will;" "used force to get money or things from other people \[not students or teachers\]"), to more common offenses such as theft and vandalism, to relatively minor offenses such as skipping classes. In the NYS, 177 respondents were randomly selected and reinterviewed approximately 4 weeks after their initial assessment during the 5th wave of the study. Test-retest correlations were 0.84 and .75 for the general antisocial behavior frequency and variety scores, respectively, and 0.52 to 0.93 for the general delinquency subset, with a mean of 0.74 across 22 estimates of test-retest reliability (Huizinga and Elliott [@CR19]).

Measurement Equivalence Across Groups {#Sec2}
=====================================

When investigating measurement equivalence across groups, the developmental appropriateness of items is a concern. One strength of the antisocial items from the NYS (Elliott et al. [@CR11], [@CR12]) is the fact that item content was adjusted to the developmental level of respondents. In our study, we investigate measurement equivalence in two different sets of items---one set that is developmentally appropriate for adolescents, and the other designed for young adults. Ideally, these forms should be linked so that scores from the adolescent and adult versions fall on the same scale, making it possible to make comparisons across adolescence and young adulthood. Although a detailed explanation for linking procedures is beyond the scope of the current study, the mandatory data collection design for linking scales and investigating DIF is that two different measures should have common items. The antisocial behavior measures used in this study have six items that are common across the adolescent and young adult forms. Hence, the scales for these two forms may be linked and placed on a common metric when there are no method (age) effects, a good spread of thresholds, and a number of other factors (Reise and Waller [@CR33]). In the current study, these common items are the focus of testing DIF.

Methods for detecting measurement bias may identify either "an observed conditional invariance" or "an unobserved conditional invariance" (Millsap and Everson [@CR28]). In particular, the second category contains likelihood ratio (LR) tests based on either IRT or confirmatory factor analysis (CFA) (see Reise et al. [@CR34], for comparison of LR tests based on IRT and CFA; Kim et al. [@CR22], for application of DIF detection methods). For short tests, Finch ([@CR15]) claimed that LR tests based on IRT more accurately detected uniform bias---that all categories in an item consistently behave in a fashion favoring one group over another group---than did a variety of other methods. In this study, we used the LR test to detect measurement bias on an antisocial behavior scale for adolescents and young adults.

Parameter estimation in item response theory can be categorized into parametric and nonparametric methods, scaling dichotomous as well as polytomous items. Specifically, parametric IRT model10 are based on either normal ogive or logistic functions, whereas nonparametric IRT model10 do not assume any specific parametric function (see Embretson and Reise [@CR13]; Meijer and Baneke [@CR27]; Sijtsma [@CR40], for further description of parametric and nonparametric IRT model10). When parametric IRT model10 are employed, likelihood ratio tests may be implemented by BILOG-MG (Zimowski et al. [@CR49]) and MULTILOG-MG (Thissen [@CR43]) for dichotomous and polytomous items, respectively. In contrast, when nonparametric IRT model10 are used, DIF tests may be conduced using TESTGraf (Ramsay [@CR32]).

Thissen, Steinberg, and Gerrard ([@CR45]) discussed the LR test in parametric IRT (IRT-LR) in the context of analyses of dichotomous items. Later, Thissen and Steinberg ([@CR44]) extended the original parametric IRT-LR method for tests comprised of polytomous items. In this method, the basic idea is to compare the log likelihood values from two model10, where one model, which is more restricted, is nested within the other, which is less restricted (i.e., has more parameter estimates than the restricted model).

In certain situations, the selection of items that serve as anchor items is obvious; in such situations, the computation of *LR* and investigation of item DIF is relatively simple. More commonly, which items should be considered anchor items and which should be studied items is less clear, and the assessment of item bias is therefore more complicated. Based on a simulation study, Candell and Drasgow ([@CR3]) recommended an iterative procedure for linking metrics from two separate groups and detecting which items exhibited DIF when anchor and studied items are mixed or unknown. Using an iterative method, Segall ([@CR39]) proposed four steps to detect items exhibiting DIF. First, item parameter metrics from two independently calibrated groups are initially linked. Second, after equating item parameters from the two groups by employing linking coefficients from the previous step, all items from a test are examined for item bias. Third, the item with the most extreme DIF is identified, and linking coefficients are recalculated after excluding this item. Fourth, with linking coefficients that are calculated without the item exhibiting most extreme DIF, *G*^*2*^ is recomputed for all remaining items in a scale and evaluated with the corresponding critical value based on the alpha level.

Our aim in the present study was to investigate DIF for two scales of antisocial behavior derived from commonly used items from the NYS, one scale for adolescents and the second for young adults. Both scales were assumed to fit the graded response model10 (GRM; Samejima [@CR36]). Children from two-parent families typically exhibit lower levels of antisocial behavior relative to children from single-parent families (Dawson [@CR6]; Hoffmann [@CR18]). However, a direct way of comparing levels of antisocial behavior across these two groups is possible only if antisocial behavior items do not show DIF. Therefore, we conducted DIF analyses on the adolescent and young adult forms of the antisocial behavior scale to determine whether items exhibited DIF across two groups of participants, one from two-parent families and the second group from single-parent families.

Method {#Sec3}
======

Participants {#Sec4}
------------

The participants in this study come from the first (1994) and second (1995) waves of the Family Transitions Project (FTP; for additional information on the study, see Conger and Conger [@CR4]). The FTP began in 1994, when most of the target adolescents were seniors in high school, and combines participants from two earlier samples---the Iowa Youth and Families Project (IYFP) and the Iowa Single---Parent Project (SPP).

The IYFP is a multiple-wave study of 451 rural families from eight counties in Central Iowa, with assessments beginning in 1989. The IYFP participants were recruited through 34 public and private schools from these eight counties. Families with a seventh grade child (target adolescent) living with both biological parents and a sibling within 4 years of the target adolescent's age were eligible for the study. About 78% of the families who met the criteria for inclusion agreed to participate in the initial wave of data collection in 1989. Ninety percent of the original 451 families remained in the study in 1992.

The SPP is a multiple-wave study of 107 single-mother families also from rural Iowa, with annual assessments beginning in 1991. SPP participants were identified through lists of students provided by schools in rural areas of Iowa and initially contacted by telephone. To match the chronological age of IYFP participants, a family was eligible to participate if the family had a target adolescent in the ninth grade in 1991 who had a sibling within 4 years of the target adolescent's age. Additionally, the household had to be mother-headed, and the biological parents must have divorced within the past 2 years. Fifteen percent of the women who were telephoned met all the criteria. Of those, 99% agreed to participate. In the first year of the study, all of the target adolescents lived in households headed by the mother, with 33% of the mothers having sole maternal custody, and 58% joint custody (Ge et al. [@CR10]). Ninety-six percent of the original SPP sample remained in the study in 1993.

The FTP combined the two projects, matching the adolescents who were the same age and were in the 9th grade in 1991 (*N* = 558). The two samples were similar on a number of important characteristics in 1991, including target's age, mother's age, number of children, mother's education, percentage of female targets, and percentage of mothers employed, although the SPP families had lower incomes than the IYFP families (Ge et al. [@CR10]; Wickrama et al. [@CR48]).

The first two waves (1994 and 1995) of the combined FTP sample of families provided data for the present study. In the FTP, professional interviewers made home visits to each family for approximately 2 h on two occasions each assessment period. During the first visit, each family member completed a set of questionnaires covering an array of topics including work, finances, family life, mental and physical health status, friends, and antisocial behavior. Only information gathered from the first home visit in each assessment is used in the current analyses.

Measure of Antisocial Behavior {#Sec5}
------------------------------

Target's antisocial behaviors were assessed using self-report items adapted from the NYS study (Elliott et al. [@CR11], [@CR12]). Targets were asked to indicate how often during the past 12 months they had engaged in a variety of antisocial behaviors using a 5-point scale ranging from 0 (never) to 4 (six or more times). The items are presented in [Appendix A](#Sec12){ref-type="sec"}. The six boldfaced items in [Appendix A](#Sec12){ref-type="sec"} were common across both 1994 and 1995, 9 were unique to 1994, and 6 were assessed only in 1995. Therefore, the 15 items used in 1994 constitute the adolescent antisocial behavior scale, and the 12 items used in 1995 represent the young adult antisocial behavior scale. Both sets of items include items ranging in severity, which is necessary to represent the domain of antisocial behavior (Thornberry and Krohn [@CR47]).

Data Analysis {#Sec6}
-------------

We used SAS 9.1.3 (SAS Institute Inc., [@CR38]) to calculate item frequency and descriptive statistics. Exploratory factor analysis (EFA) was utilized to investigate the dimensionality of the scales at the two measurement occasions. Common factor analysis was employed, with squared multiple correlations as communality estimates and principal axis extraction of factors. Scale unidimensionality was assumed, thus, rotation of factors was not conducted in this study.

MULTILOG (Thissen [@CR43]) was utilized for calibrating item parameters and computing IRT-LR estimates. When computing IRT-LR estimates, one item at a time was considered as a studied (or tested) item exhibiting DIF, and the remaining items were used as anchor items. If at least one item exhibited significant DIF, the item with the largest DIF was discarded, and all other remaining items except the item having the largest *G*^*2*^ values were kept and then examined for DIF in the following analysis. This procedure was repeated until no item in a scale showed significant DIF. This approach follows the four-step procedure outlined by Segall ([@CR39]) and supported by the simulation study by Candell and Drasgow ([@CR3]).

Item parameters from the two groups (two-parent and single-parent families) were simultaneously calibrated using anchor items in MULTILOG and IRTLR (Thissen [@CR42]), thus, a linking procedure was not required in this study. If an item exhibited significant DIF, we examined the item discrimination (*a*) and category difficulty (*b*) parameters separately to determine which parameter was the source of DIF. If the *a* parameter was the source of DIF, this form of DIF is known as nonuniform DIF because ICCs across groups will cross at some point. In other words, when the ICCs for an item from two separate groups cross, the pattern of favoring one group to the other group is conditioned on latent ability level. Conversely, if the *b* parameter was the source of DIF, this form of DIF is known as uniform DIF, because the ICCs will not cross and the pattern favoring one group over the other is seen at all latent ability levels. Finally, effects of items with DIF on the total scale score were investigated through estimating Differential Test Functioning (DTF) with DFIT (Raju et al. [@CR31]). This parametric procedure was intended to identify DTF through the comparison of test characteristic curves (TCCs) among groups. In order to compare TCCs, unlike our comparison of DIF at the item level, linking coefficients using EQUATE 2.0 (Baker [@CR1]) were used.

Results {#Sec7}
=======

Sample Descriptive Statistics {#Sec8}
-----------------------------

**Adolescent antisocial behavior scale** The simple frequencies and descriptive statistics were calculated on items from the adolescent antisocial behavior scale for 12th grade students, who averaged 18 years of age. These values are reported in [Appendix A](#Sec12){ref-type="sec"}. Antisocial behaviors were largely positively skewed and had large kurtosis. For eight of the 15 items (del2, del3, del5, del6, del7, del8, del13, del15), no respondent selected the highest category. Among these eight items, three (del2, del13, del15) also had no responses for the second highest category. All eight items had means of less than .10 and *SDs* of less than .42. Seven items (del3, del6, del7, del8, del13, del14, del15) had few responses for anything other than the zero response category. Hence, we restricted our analyses to 9 of the 15 items (del10, del11, del12, del1, del2, del4, del5, del7, del9) in the current study of DIF, because the remaining 6 items did not have sufficient responses beyond the zero response category at any measurement occasions to allow accurate parameter estimation. Among the nine items used in the current analyses, three items had no responses for the highest categories. In the following analyses, del2 was adjusted into an item having three categories (0, 1, or 2), and del5 and del7 were modified to have four categories (0, 1, 2, or 3), instead of the five categories used for the remaining 6 items. Test information and standard errors with and without the six items in the test were estimated via IRT and compared. No obvious differences were found.

**Young adult antisocial behavior scale** The simple frequencies and descriptive statistics for items from the young adult antisocial behavior scale were calculated for young adults who, on average, were 19 years old. These values are reported in [Appendix B](#Sec13){ref-type="sec"}. Antisocial behavior items in 1995 had similar distribution patterns---large positive skew and large kurtosis---to items in 1994. Three of 12 items (del21, del13, del15) had no respondents selecting the highest category. Five of the 12 items (del19, del21, del13, del14, del15) had extremely few responses in categories other than the zero response category. Those five items had means of less than .05 and *SDs* of less than .36. Therefore, five of the 12 items (del 21, del14, del15, del19, del21) were deleted in the following analyses because these five items did not have enough responses in response categories other than zero to allow accurate parameter estimation. Therefore, DIF analyses were computed on the remaining seven items from the young adult form. Test information and standard errors with and without the five items in the test were estimated via IRT and compared. No obvious differences between them were found.

Dimensionality {#Sec9}
--------------

**Adolescent antisocial behavior scale** Although the assumption of unidimensionality can be relaxed in some IRT model10, our analyses used the GRM, a generalized version of the 2PLM for polytomous items, and use of the GRM requires that items comprising a scale are unidimensional. Thus, our exploratory factor analyses were implemented to investigate whether only one latent construct was measured within each group. Number of factors in each scale was determined through a scree test and a ratio of the eigenvalue of the first factor to that of the second (Fabrigar et al. [@CR14]). The initial eigenvalues and percentages of variances explained by each factor are reported in Table [1](#Tab1){ref-type="table"}. In addition to these values, the scree test was also employed to estimate the number of factors in the antisocial behavior scale in 1994. The eigenvalues for the first three factors were 2.468, .537, and .129 for adolescents from two-parent (IYFP) families, and 3.827, .641, and .264 for adolescents from single-parent (SPP) families. The ratios of eigenvalues for the first factor to second factor were 4.60 for IYFP family and 5.97 for SPP family. These ratio values, which are greater than 3 to 1, supported the contention that the antisocial behavior scale at 12th grade was unidimensional (Hambleton et al. [@CR16]; Lagenbucher et al. [@CR24]; Lord [@CR26]). Table 1Initial eigenvalues and percentages of variances explained by each factor in 1994 using nine items and in 1995 with seven itemsGroupsYearsEigen values% of VarianceFactor 1Factor 2Factor 3Factor 1Factor 2Factor 3IYFP19942.468.537.12999.421.65.2(*n* = 403) 1995(*n* = 421)1.905.146.015124.39.51.0SPP19943.827.641.26488.814.96.1(*n* = 101) 1995(*n* = 86)1.612.638.35483.633.118.3

**Young adult antisocial behavior scale** Dimensionality of the young adult anti-social behavior scale at the 1995 measurement occasion was also scrutinized utilizing EFA. The eigenvalues for extracted factors and percentages of explained variance by the factors are reported in Table [1](#Tab1){ref-type="table"}, and the scree test was once again used to study dimensionality of the young adult antisocial behavior scale. The eigenvalues for the first three factors were 1.905, .146, and .015 for respondents from IYFP families, and 1.612, .638, and .354 for participants from SPP families. The ratio of the first factor to the second factor was 13.048 for IYFP participants and 2.527 for SPP participants. Once again, these ratio values implied unidimensionality of the young adult anti-social behavior scale for 19-years olds (Hambleton et al. [@CR16]; Lagenbucher et al. [@CR24]; Lord [@CR26])

Differential Item and Test Functioning for Two Antisocial Behavior Scales {#Sec10}
-------------------------------------------------------------------------

**Adolescent antisocial behavior scale---DIF** A backward elimination iterative method (Kim and Cohen [@CR21]), deleting at each stage the item that exhibited the greatest DIF, was used because of the possible bias arising from deleting multiple items with statistically significant DIF in a single-step procedure. In the first iteration, all items from the scale were assumed to have no DIF between the two family groups and the *G*^*2*^ was calculated. Only one item (del12) had a significant *G*^*2*^ value of 11.1, implying DIF on the item. Item del12 was removed from the following iteration, and *G*^*2*^ values for the remaining items were estimated. As expected, *G*^*2*^ values for the eight remaining items changed from the first to the second iteration, but no items now exhibited significant DIF, signified by a significant *G*^*2*^ statistic, at the second iteration.The sources of DIF for item del12 were examined. The item response curves for item del12 are displayed in Fig. [1](#Fig1){ref-type="fig"}. The IRT-LR estimates for the *a* parameters and *b* parameters were calculated separately across groups. The *a* parameters showed a non-significant *G*^*2*^ of 3.3 with 1 degree of freedom, so these parameters were constrained to invariance across groups. In contrast, the *b* parameters had a significant *G*^*2*^ of 10.8 with 4 degrees of freedom, and thus were allowed to vary across groups. Because the *b* parameters varied significantly across groups, the IRT-LR results indicated that del12 showed uniform DIF between the SPP and IYFP groups. In order to specify the direction of DIF on del12, *b* parameter values of the two groups were compared, and the ICCs are shown in Fig. [1](#Fig1){ref-type="fig"}. The two groups had the same *b*(1) of 1.02. The SPP group, however, had smaller *b*(2) of 1.42, *b*(3) of 1.96, and *b*(4) of 2.55, when compared to the respective estimates from the IYFP group, which were *b*(2) of 1.75, *b*(3) of 3.22, and *b*(4) of 3.94. The discrepancy of *b* parameters between the two groups indicated that an individual from a single-parent family was more likely to endorse a higher category on the del12 item than would an individual from a two-parent family even if the two individuals had the same latent variable value (and therefore had the same level on the underlying antisocial behavior latent variable). Item parameter estimates for both single- and two-parent families are reported in Table [2](#Tab2){ref-type="table"}. Fig. 1Item characteristic curves of del12 for respondents from IYFP and SPP Families at 12th Grade (Adolescents)Table 2Item parameter estimates for anchor items and studied items in 1994Items*a*~*j*~*b*~*j*~(1)*b*~*j*~(2)*b*~*j*~(3)*b*~*j*~(4)IYFPSPPIYFPSPPIYFPSPPIYFPSPPIYFPSPPdel11.63 (.21).64 (.12)1.21 (.17)2.13 (.29)2.55 (.37)del21.12 (.25)2.15 (.45)3.54 (.75)N/AN/Adel41.66 (.24).83 (.14)1.18 (.17)1.77 (.25)2.44 (.34)del51.85 (.41)1.78 (.28)2.44 (.39)3.45 (.71)N/Adel72.62 (.58)1.61 (.20)2.10 (.28)3.24 (.66)N/Adel91.47 (.20).57 (.13)1.26 (.20)2.37 (.34)2.91 (.43)del101.82 (.23).57 (.11)1.03 (.15)1.74 (.21)2.30 (.29)del111.52 (.20)1.06.971.821.363.361.864.112.41(.23)(.27)(.34)(.35)(.78)(.42)(1.06)(.58)del122.51 (.35).81 (.10)1.43 (.14)2.12 (.23)2.37 (.29)

**Adolescent antisocial behavior scale---DTF** The effect of retaining one item with DIF on the entire 9-item scale was investigated by estimating the DTF index with DFIT (Raju et al. [@CR31]). The 9-item adolescent antisocial behavior scale had a DTF value of .049 that was smaller than the cutoff of .792 (which was empirically provided by Raju et al. [@CR31]), implying this scale exhibited non-significant DTF, despite the inclusion of one item that showed significant DIF, or differential functioning at the item level.

**Young adult antisocial behavior scale---DIF** The same iterative method was employed as in the analyses for the adolescent form. In the first iteration, items del16 and del17 had large and significant *G*^*2*^ values of 16.8 and 14.7, respectively, *p* \< .05. Because item del16 had the larger *G*^*2*^ value, del16 was removed from consideration, and *G*^*2*^s were computed for the remaining six items at the second iteration. In the second iteration, item del17 still exhibited a significant *G*^*2*^ value of 14.7, *p* \< .05, indicating DIF on the item. After removing item del17, no remaining item had a significant *G*^*2*^ statistic. The item parameters for the highest category on item del17 could not be estimated because no SPP targets endorsed the highest category on that item. Therefore, direct comparisons of category parameters for item del17 between the two groups were not possible and it could not be considered in the following analysis.The sources of DIF for item del16 were evaluated, however. The ICCs for item del16 for the two groups are displayed in Fig. [2](#Fig2){ref-type="fig"}. The IRTLR estimates for the *a* and *b* parameters, like the previous analysis, were calculated separately. The *a* parameter for del16 had a significant *G*^*2*^ of 4.7, *p* \< .05, and the *b* parameters also had a significant *G*^*2*^ of 14.2, *p* \< .05, indicating that del16 showed nonuniform DIF between SPP and IYFP. Fig. 2Item characteristic curves of del16 for IYFP and SPP adolescents in young adultsThe ICCs from the two groups in Fig. [2](#Fig2){ref-type="fig"} show the intersections of ICCs between respondents from the two family groups. To specify the direction of DIF on item del16, *a* and *b* parameter values of the two groups were compared. The *a* parameter was .90 for the SPP group, and 1.72 for the IYFP group, respectively. SPP respondents had smaller difficulty parameters of *b*(1) = .37, *b*(2) = .77, *b*(3) = 1.31, and *b*(4) = 1.81, relative to IYFP respondents with higher difficulty parameters of *b*(1) = .79, *b*(2) = .85, *b*(3) = 1.96, and *b*(4) = 2.40. Because the ICCs intersected each other, the interpretation of the probability for each category was complicated. For ICC 1 and 2, an individual with theta of higher than 1.0 from the IYFP group had a higher probability of responding in the higher category than an individual from the SPP group. When considering theta values less than 1.0, however, subjects from the IYFP group had a lower probability of responding in the higher category than subjects from the SPP. For ICC 3 and 4, the same pattern of likelihood of responding in the higher category for the two groups was shown. However, the level of theta that led to a flipping from higher to lower likelihood of higher category endorsement between SPP to IYFP participants now fell at theta of 2.40 for ICC 3 and 2.90 for ICC 4, respectively. Item parameter estimates for single- and two-parent families are reported in Table [3](#Tab3){ref-type="table"}. Table 3Item parameter estimates for anchor items and studied items in 1995Items*a*~*j*~*b*~*j*~(1)*b*~*j*~(2)*b*~*j*~(3)*b*~*j*~(4)IYFPSPPIYFPSPPIYFPSPPIYFPSPPIYFPSPPdel161.75.93.36.77.76.841.301.921.792.34(.36)(.35)(.10)(.41)(.12)(.42)(.15)(.73)(.19)(.89)del171.90.49.892.491.273.791.756.262.2617.45(.25)(.49)(.11)(2.20)(.14)(3.34)(.18)(6.58)(.24)(\*\*\*)del181.39 (.16)−.05 (.11).25 (.11).89 (.13)1.50 (.18)del20.62 (.20)2.99 (.91)3.73 (1.14)5.23 (1.63)6.73 (2.29)del102.16 (.29)1.18 (.10)1.54 (.14)2.17 (.20)2.80 (.33)del111.45 (.25)1.65 (.21)2.20 (.30)3.16 (.52)3.67 (.66)del122.53 (.38)1.28 (.10)1.69 (.14)2.24 (.20)2.64 (.30)

**Young adult antisocial behavior scale---DTF** The young adult antisocial behavior scale had a DTF value of .027 that was smaller than the cutoff of .576 which was empirically estimated by Raju et al ([@CR31]). Hence, although two items from the antisocial behavior scale for young adults exhibited statistically significant DIF, retaining these two items showing DIF in the seven-item scale resulted in non-significant level of scale DTF. Therefore, individuals with the same true score on the total scale would have the same observed score across the items comprising the scale regardless of family structure.

Discussion {#Sec11}
==========

Our analyses revealed different types of DIF---uniform and nonuniform---which must be treated in different manners, as they imply different types of bias. A common approach to managing item *bias* is to delete any item showing DIF from a measure. However, retaining all items is vastly preferable due to the expensive and time-consuming development of a scale and confirmatory tests of factor structure in a scale. Hence, one way to handle scales that exhibit DIF is to correct the *bias* by retaining matching items with opposite *biases* that cancel out the DIF at a scale level (Teresi [@CR41]). In order to match up the appropriate corresponding items and cancel the item DIF at a scale level, the direction and type of DIF should be recognized properly.

In our study, we found evidence of uniform *bias* in item del12. However this bias appeared to be counteracted at the scale level because the *bias* by which an adolescent from SPP has a higher probability of selecting a higher category than an individual from IYFP was cancelled out by slight bias favoring IYFP over SPP on remaining items in the adolescent scale, even though the *bias* from the remaining items was not statistically significant. Because significant uniform bias on one item (item del12) from the adolescent scale was counteracted by small and nonsignificant bias in the opposite direction on the remaining items, across-group DTF on the total scale was negligible. Similarly, the non-significant DTF for the antisocial behavior scale for young adults suggests that any *bias* in items del16 and del17 was also counteracted by opposite types and directions in biases on remaining items.

Despite the item DIF revealed in our analyses, comparisons between participants from single- and two-parent families using these scales appear sound, given our non-significant results with regard to scale DTF on these instruments. In general, when analyses reveal significant DTF, a researcher should scrutinize the magnitude and direction of DIF for all items in a scale and ensure the inclusion of items showing opposite directions and corresponding sizes of DIF to the original items in a test in order to have non-significant DTF. Because our analyses revealed non-significant DTF even in the presence of some significant differential functioning at the item level, this extra step of balancing bias across items was not necessary in the current study.

Similar to Dunifon and Kowaleski-Jones ([@CR9]), we found that adolescents from single-parent families exhibit more antisocial behavior than adolescents from two-parent families. Specifically, for 1994, the average estimated delinquency levels were −.04 (*SD* = .67) and .18 (*SD* = .82) in IYFP and SPP, respectively. For 1995, the average values were −.10 (*SD* = .63) and .11 (*SD* = .76), respectively. Two additional findings were noteworthy. First, items exhibiting DIF in 1994 were items representing more extreme forms of antisocial, whereas items exhibiting DIF in 1995 reflected milder forms of antisocial behavior. In 1994, for a given level of theta, adolescents from one-parent families had a higher probability of endorsing a given option on the extreme item del11 (beat up somebody because they made you angry) than adolescents from two-parent families. Conversely, in 1995, again for a given level of theta, adolescents from one-parent families had lower probability of endorsing a given option on the relatively mild items del16 (drive a car recklessly) and del17 (cheat at school or other places) compared to adolescents from two-parent families. Second, the two items showing DIF in 1995 indicate a different relationship with the construct of antisocial behavior depending on the family structure (i.e., single-parent and two-parent family). That is, the two DIF items representing relatively mild antisocial behaviors are better indicators of antisocial behavior in two-parent families than one-parent families: *a*~*j*~ parameters of 1.75 vs .93 and 1.90 vs .49 for del16 and del17, respectively.

The present study has several strengths and is of practical importance for longitudinal research on antisocial behavior in adolescents and young adults. First, this study highlights the importance of testing for DIF in the adolescent and young adult antisocial behavior scales, which are widely used in studies of problem behavior. In order to reveal the actual magnitude of the mean difference on the two scales between two groups such as single-parent and two-parents families, DIF tests at the item and scale levels were implemented. Second, having established the importance of detecting both item and scale bias, our study illustrated methods to make these comparisons. To conduct DIF tests on the two scales, we employed an iterative procedure for detecting DIF using the likelihood method. The iterative approach enabled us to identify bias arising from DIF on certain items and isolate this from any bias arising from DIF items on remaining items. Third, we showed how the two types of DIF---uniform and nonuniform---can be differentiated and treated. Uniform DIF was identified for one item on the adolescent scale, and nonuniform DIF was detected for two items on the young adult scale. Fourth, we suggested that scale level tests, such as DTF, are important and may support a conclusion that the overall scale is not biased even though significant item-level DIF bias is found.

Furthermore, the present study has another practical implication for longitudinal studies on antisocial behavior in adolescents and young adults. The two scales employed in this study have three common items with which the two scales can be linked onto a common scaling metric. By eliminating or controlling for DIF on the three common items, a researcher in a longitudinal study on antisocial behavior can compare trajectories of individuals from adolescence through young adulthood for individuals from both single-parent and two-parent families. That is, one could estimate scores on the underlying antisocial behavior latent variable that were on a comparable metric across adolescence and young adulthood, enabling one to study change in antisocial behavior tendencies across these age periods even though only a relatively small number of items are in use across age levels.

The current study also has limitations that should be noted. First, the sample size (*n* = 556) of the present study was not extremely large, and the number of individuals from single-parent families was relatively small (*n* = 109). Given the sample size, we had lower power to detect DIF than if we had a larger sample of participants available for analysis. Thus, it is possible that important levels of item DIF existed, but went undetected in our analyses. Additionally, item del17 was not completely investigated for DIF because no individuals from single-parent families responded using the highest category on del17. Not all items in the two antisocial behavior scales were investigated for DIF and DTF due to insufficient responses above the lowest category on the response scale. As a result, future research with larger samples that exhibit higher levels of antisocial behavior would be able to extend our research by examining DIF on the items we had to delete due to low frequencies of response. Finally, even for items with sufficient numbers of responses in higher categories, the frequency of these responses was not large. In such situations, a researcher might re-score item responses on a 0-to-3 scale into 0-1 scoring. Then, future research could investigate whether use of dichotomous IRT model10 including 2PLMs or 3PLMs to model these responses leads to approximately the same levels of measurement precision as does the use of polytomous IRT model10 such as the GRM.

Despite these limitations, the present study has practical implications for applied researchers: non-significant DTF can exist at the scale level, despite significant levels of item DIF on common items in two scales of antisocial behavior for adolescents and young adults. Using these results, we have a useful way of linking scores on the two antisocial behavior scales across age groups. Our study also illustrated how the two types of DIF---uniform and nonuniform---differ in terms of item and category parameters in GRMs. Given the non-significant levels of DTF on the total scale scores, comparing respondents from single- and two-parent families on raw scale scores appears justified.

**Open Access** This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and reproduction in any medium, provided the original author(s) and source are credited.

Appendix A {#Sec12}
==========

Antisocial behavior items During the past 12 months, how often have you:19941995Cut classes or stayed away from school without permissiondel1Taken a car or other vehicle without the owner's permission, just to drive arounddel2Snatched someone's purse or wallet without hurting themdel3Been drunk in a public placedel4Broke in or tried to break into a building just for fun or to look arounddel5Broke in or tried to break into a building to steal or damage somethingdel6Thrown objects such as rocks or bottles at people to hurt or scare themdel7Set fire to a building or field or something like that just for fundel8Sneaked into a movie, ballgame or something like that without payingdel9**Steal money or take something that did not belong to youdel10del10Beat up on someone or fought someone physically because they made you angrydel11del11Purposely damaged or destroyed property that did not belong to youdel12del12Attack someone with a weapon trying to seriously hurt themdel13del13Sold illegal drugs such as pot, grass, has, LSD, cocaine, or other drugdel14del14Used a weapon, force or strong arm methods to get money or things from someonedel15del15**Drive a car recklesslydel16Cheat at school or other placesdel17Tell lies to peopledel18Sell stolen goodsdel19Write bad checksdel20Use someone else's credit card without permissiondel21

Appendix B {#Sec13}
==========

1994 Frequency and Descriptive Statistics (*N* = 556) del1del2del3del4del5del6del7del8del9del10del11del12del13del14del15*Freq.*03384965153094865074975143933974264385155105171591645822716558464439263261101701066153424026512326023442329146120004380050000092267050Total522522522521522522522522522521522522522522522Missing343434353434343434353434343434*M*.79.07.02.96.10.05.07.02.43.50.32.30.02.05.01*SD*1.26.32.221.36.42.30.35.23.871.04.76.78.20.41.15*Skewness*^a^1.454.9611.281.154.667.085.8210.812.152.172.662.949.168.8011.81*Kurtosis*^b^.8424.78137.2−.0723.2253.4437.15127.64.303.797.138.4684.3279.88147.6

0 indicates no time in past year; 1 indicates 1 time in past year; 2 indicates 2--3 times in past year; 3 indicates 4--5 times in past year; 4 indicates more than 5 times in past year. ^a^skewness for all variables has standard error values of .11 ^b^kurtosis for all variables has standard error values of .21

Appendix C {#Sec14}
==========

1995 Frequency and Descriptive Statistics (*N* = 556) del16del17del18del19del20del21del10del11del12del13del14del1503163882515024335034214384384974985061444137324432313051226036761291342724330*Freq.*3352358013014693404521985290767010Total507507507508508508508508508508507508Missing494949484848484848484948*M*.94.511.39.03.31.01.33.25.26.04.05.00*SD*1.391.011.57.28.83.13.83.71.75.29.36.06*Skewness*^*a*^2.643.243.218.358.3115.891.182.08.5712.792.8711.86*Kurtosis*^*b*^6.4210.8910.3473.6671.34251.48−.103.27−1.28174.367.71155.61
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